Water samples, sediments and free floating macrophytic plant, Lemna minor specimens were collected from five designated sites in Anchar lake (Srinagar, J&K, India) to assess its heavy metal (Cu, Cr, Zn, Ni, Cd, Pb) load and changes on seasonal basis. The concentration of heavy metals was determined using atomic absorption spectroscopy. Most of the samples were found within limits of maximum permissible concentrations as recommended by WHO (Guidelines for drinking water quality, pp [491][492][493] 2006). During all the seasons, highest concentration of all heavy metals (Cu, Cr, Zn, Ni, Cd, Pb) was recorded at highly polluted sites of the lake viz. near agricultural fields (S 1 ), near settlements (S 3 ) and SKIMS (S 4 ). These sites received huge agrochemical run-off from the surrounding agricultural fields, solid and liquid wastes from the nearby catchment areas and effluents from Sher-e-Kashmir Institute of Medical Sciences (SKIMS) compared to control site lake centre (S 5 ). Furthermore, most of the metals in water and sediment were found with highest concentration during autumn (Viz., Cu-1.5 ppm; Zn-0.38 ppm; Ni-1.89 ppm; Pb-0.84 ppm in water and Cu-26.9 ppm; Zn-13.6 ppm; Pb-4.33 ppm in sediment) and summer (Viz., Cr-0.68 ppm in water and Ni-4.8 ppm; Cd-2.6 ppm; Cr-8.01 ppm in sediment) seasons. Also in Lemna minor plant highest concentration was observed during summer season (Cu-29.09 ppm; Zn-19.11 ppm; Ni-5.7 ppm; Cd-1.34 ppm; Cr-9.18 ppm and Pb-9.77 ppm). From these observations, it was found that the sources of heavy metals in Anchar lake were both natural and anthropogenic ones. This study recommended that continuous monitoring of heavy metals (Viz; Cu, Cr, Zn, Ni, Cd and Pb) in water, sediment and other aquatic biota of Anchar lake should be directed to protection of ecological status of the lake and its surrounding area.
Introduction
The urban aquatic ecosystems are strongly influenced by long-term discharge of untreated domestic and industrial wastewaters, storm water run-off, accidental spills and direct solid waste dumping (Sarika and Chandramohankumar 2008) . Heavy metal contamination of lake water ecosystems is a worldwide environmental problem. Though some of the heavy metals like Cu, Fe, Mn, Ni and Zn are essential as micronutrients for the life processes in animals and plants in very small amounts, other metals like Cd, Cr, Hg and Pb have no known physiological activities and exhibit extreme toxicity even at trace levels (Nicolau et al. 2006; Kar et al. 2008) . In freshwater bodies, there is always presence of some amount of heavy metals derived mostly from the mineralogy and weathering (Samarghandi et al. 2007; Karbassi et al. 2008) . However, anthropogenic activities such as mining, long-term disposal of untreated and partially treated effluents containing metals as well as metal chelates, indiscriminate use of heavy metal-containing fertilizers and pesticides in agriculture fields, wet and dry fallout of atmospheric particulate matter, urban run-off and direct solid waste dumping (Kraft et al. 2006 ; Krywult et al. 2008) can accelerate the rate at which these heavy metals are added to the water bodies. Being non-biodegradable these metals under some environmental conditions could accumulate and biomagnify through the food chain to toxic levels and eventually result in ecological damage (Walker et al. 2006) .
A considerable amount of work has been carried out on different aspects of hydrobiology of the Himalayan lakes (Das et al. 1969; Zutshi et al. 1972; Zutshi et al. 1980; Khulbe 1992 and Jana 1998) . The problem of heavy metal pollution is currently increasing in many lakes of Kashmir, India viz. Dal, Nigeen, Anchar etc. The present study was thus designed to assess the heavy metal contamination of the Anchar Lake. The lake being located in the north-west of Srinagar city had become a recipient of urban run-off and surrogate end point for pollutants of domestic and commercial effluents. Due to fast growing settlements around the lake, it is now one of the most polluted lakes of the Kashmir valley. Run-off from agricultural land, pollutants from septic systems, sewers and other human-related activities increase the flux of both inorganic nutrients and organic substances into the Anchar lake. The direct discharge and accidental release of harmful chemical compounds from the SKIMS Institute into the Anchar lake has totally deteriorated the lake quality (ESRO 2007) . Pollution of this lake is of grave concern that it is a dwelling place for many birds and is a source of fodder for animals. Therefore, the main objective of the present work was to assess the heavy metal concentration in water, sediment and in Lemna minor, a free floating aquatic plant.
Materials and methods

Description of study area and sampling sites
The Anchar lake is situated 14 km to the north-west of Srinagar city, the summer capital of J&K state, India. The lake is situated at an altitude of 1583 m above sea level within the geographical coordinates of 34° 20΄ to 34° 26΄ N latitude and 74° 82΄ to 74° 85΄ E longitudes. It is fed by the cold water river, Sindh, which enters the lake at its northern end, while the southern end receives water from Khushal sar lake. The lake has a number of small outlet channels that drain the lake water into the nearby Shalbough wetland. The lake has shrunken from 19.54 km 2 to 5.8 km 2 in just 10-20 years (ESRO 2007) . Its encroachment is taking place at a rate of 0.142 km 2 year −1 (ESRO 2007) . The effluents brought in by the Sindh nallah, agriculture wastes and entry of raw sewage from the entire catchment (especially catchment spread over 66 km 2 ) has choked the lake. Besides, the lake is receiving effluents containing biomedical substances form the SKIMS, one of the largest hospital in Northern India (ESRO 2007) . Such activities have deteriorated the water quality, and now the lake is moving dangerously towards extinction. The sampling sites for the present study were selected depending on the type of land use around the lake (Fig. 1) . The identified sites were.
(1) Site-1 (near agricultural fields) Most of the run-off from the agriculture (paddy) fields directly enters into the lake body. (2) Site-2 (plantation site) The site is surrounded by dense plantation of willow and poplar trees. (3) Site-3 (near settlements) The washout from the toilets and kitchen wastes from the households are directly discharged into the lake body. (4) Site-4 (SKIMS Soura) The site is located towards the north-east region of the lake. At this site, the lake receives the toxic effluents and sewage wastes from the drainage system of SKIMS. (5) Site-5 (lake centre) At this site, the lake has a maximum depth. The site was taken as a control.
Sample collection, preparation and analysis
Water samples were collected from the five selected sites of the lake at about 10 to 15 cm below the water surface with the help of a Ruttner sampler. To remove metal contaminants, the sampling plastic bottles were washed with 10% HNO 3 and were rinsed thoroughly with distilled water. Soon after collection, all samples were acidified by adding a few drops of concentrated HNO 3 . Similarly, Sediment samples from the same selected sites were also collected using Ekman Dredge sampler, and the samples were taken by Grab sampling process. Samples were placed in polyethylene bags. Also plant samples were manually collected from the each designated site. The plant samples were washed with lake water followed by rinsing with distilled water before placed in plastic bags. Later, all samples were packed and labelled carefully (USEPA 1991). The sediment samples collected from different sites in the lake were oven-dried, grinded in a wooden pestle and mortar and passed through 2-mm sieve. Analysis of different elements was carried out using methodology given by Lindsay and Norvell (1978) . About 10 g of processed sediment sample was shaken for 2 h with 20 mL of extractant (0.005 M DTPA, 0.01 M CaCl 2 and 0.1 N TEA buffered at 7.3 pH) on an electrical shaker and then filtrate was analysed for heavy metals using Atomic Absorption Spectrophotometer (ELEMENTAS AAS4141-Electronics Corporation of India Limited).
Plant samples were digested in a diacidic mixture (9HNO 3 :3HClO 4 ), i.e. 9 ml of HNO 3 and 3 ml of HClO 4 . To 0.5 g grounded plant material, 10 mL of diacidic mixture was added and the contents of the flask were mixed by swirling. The flasks were heated on hot plate in a digestion chamber until the production of red NO 2 fumes ceased. The completion of digestion was confirmed when the liquid became colourless. After cooling the flasks, the volume of the digested plant material was made 100 mL by adding Millipore water, and the solution was then filtered through filter paper (Whartmans filter No 42). Aliquots of this solution were then used for the detection of heavy metals, whereas water samples after filtration were directly subjected to heavy metal analysis. This study was carried out during 2014 to 2016.
All the technicalities were ensured to avoid unpredictable changes in characteristics as per standard procedures (APHA 2005) . The elements were analysed by direct aspiration of the sample solution into atomic absorption spectrometer after calibration with suitable elemental standards at close intervals. The instrumental setting and operational conditions were done in accordance with the manufacturer's specifications. Average values of four replicates were taken for all detection.
Statistical analysis was carried out using SPSS Version 13 computer package. ANOVA was employed to assess the relationship between heavy metal concentrations and their elemental interaction between sections of the lake.
Results and discussion
The results of heavy metal concentrations (mean values and standard error /SE) in lake water, sediment and plant Lemna minor are shown in Tables 1, 2 The results showed that the mean difference of metal concentrations in different media at all study sites was significantly different (CD < 0.05). The presence of toxic metals in the environmental matrices is one of the major concerns of pollution control and environmental agencies in most parts of the world. Their presence in the aquatic ecosystems has far-reaching implications directly to the biota and indirectly to man. Trace metals have been referred to as common pollutants, which are widely distributed in the environment with sources mainly from the weathering of minerals and soils (Lawson 2011) . Due to anthropogenic activities, the level of these metals in the environment has increased tremendously during the past decades. The increase in heavy metals in this lake water and sediment might be due to the fact that this region receives huge quantities of sewage, agricultural run-off and toxic effluents from the SKIMS institute (Salim et al. 2013) , whereas seasonal variation in metal concentrations at different sites may be attributed to the fluctuations in the amount of agricultural run-off and sewage effluents discharged into the lake (Bahnasawy et al. 2011 and Khan et al. 2012) .
The concentration of heavy metals in the sediment was higher than water. Among the samples analysed, zinc was the most abundant heavy metal observed from the different sites of the lake. Water and sediment analyses indicated lower and higher concentrations of zinc content at S 5 and S 4 sites during summer and autumn season, respectively. The higher concentration of Zn at site S 4 may be due to the entrance of zinc-based chemicals from the nearby medical institute. The aquatic weed Lemna minor on the other side showed the highest concentration of zinc (17.86 mg kg −1 ) at site S 3 during summer season and the lowest concentration at site S 5 during autumn season. This may be due to the photosynthetic assimilation or absorption by macrophytes during their growing periods and low levels during autumn season may be due to the death and decay of macrophytes. Zn concentration in water except at site S 5 during summer season was higher than the permissible limit, whereas in sediment it was lower than the permissible limit (Table 4) . Intersite comparison showed that heavy metal zinc in all cases recorded the lowest concentration at site S 5 . This can be attributed to the fact that this site is not under the direct influence of the different pollution sources (Aabid et al. 2013) . While, the highest mean value of Zn in sediments at other sites may be due to high pH of sediments (Kiflu and Beyene 2013). Moreover, the highest concentration of Zn in the macrophytes might be due to the growth of Lemna minor which possesses a unique capacity to absorb large amount of zinc as reported by several researchers (Sridevi et al. 2003) .
Copper normally occurs in drinking water from copper pipes, utensils, copper sulphate as a common fungicide. Binning and Baird (2001) reported higher values of Cu from the aquatic system of industrial areas. In water, low concentrations of Cu at site S 5 may be due to the bioaccumulation by macrophytes as pointed out by Sridevi et al. (2003) . The present study also revealed the highest concentration of copper at sites S 1 , S 2 and S 3 which is due to the surface run-off from the nearby agricultural and plantation fields and settlements. Our findings coincided with the observations made by Gray and Becker Kumar et al. (2008) noticed the accumulation of heavy metals in the sediment in the descending order as Zn > Cu > Pb > Ni > Co > Cd. In the present observation, the presence of low copper content in the sediment samples was at site S 5 . Sewage contains large quantities of dissolved organic matter, which promotes the mobility of copper (Khellaf and Zerdaouri 2010) . The maximum amount of copper was detected in the sediment samples of S 4 , S 1 , S 2 and S 3 sites which was mainly by the leaching process from the nearby agriculture fields and settlements. Similar findings were observed by Baligar and Chavadi (2005) in their study. The concentrations of Cu in water at all sites and in sediment at sites 3 and 4 were higher than the permissible limit (Table 4) . In Lemna minor, the highest concentration of Cu was 27.09 mg kg −1 . Jain et al.
(1989) also reported the highest accumulation of heavy metals by Lemna minor and Bacopa from the wastewater. The chromium content in the sediment varied from 3.12 mg kg −1 at S 5 to 8.70 mg kg −1 at S 4 during spring and summer seasons, respectively. Similar results were obtained by Baligar and Chavadi (2005) in the freshwater ecosystems. The low concentration of Cr was found in water (0.23 mgL −1 ) at site S 5 which may be due to its low solubility. Pandey et al. (1995) revealed almost coinciding findings. Enrichment of chromium in particulate matter may be due to the mixing of domestic and industrial waste inputs. Moreover, marshy plants are known to absorb and accumulate more heavy metals from contaminated water and sediment. Lemna minor removes chromium, from the municipal wastewater as shown by (Miretzky et al. 2004 ). Chromium effects on algae, duckweed, water hyacinth and water lettuce have also been studied (Satyakala and Jamil 1992) . The concentrations of Cr in water and sediment at all sites were higher than the permissible limit (Table 4) . Lead deposition was maximum (4.33 mg kg −1 ) at site S 4 in the sediment sample. The concentration of lead in the water was highest at site S 3 (0.85 mgL −1 ). The main source of lead in water may be from contaminated wastes and also from the corrosions of lead batteries/pipes. The lead accumulation in plant tissues showed maximum concentration in the whole plant of aquatic macrophytes. Baldantoni et al. (2004) reported that the shoots of Najas marina show higher concentrations of lead. Lemna minor was observed with higher concentrations of lead (12.68 mg kg −1 ) during the summer which may be due to photosynthetic efficiency of the plant during their growing period that absorb more and more elements from the growing media. The highest concentration of lead in Lemna minor was also observed by Pillai (2010) . Babovic et al. (2010) observed that the leaves of Phragmites communis accumulated less concentrations of lead. Lead is a toxic heavy metal that accumulates in plant and animal tissues through ingestion by food, water and inhalation. Lead sulphide or galena (PbS) is the common form of lead. The main source of lead in the sediment is from lead pipes, mixing of gun powder, waste batteries, etc., into the aquatic systems, which causes lead deposition. The concentrations of Pb in water and sediment at all sites were less than the permissible limit (Table 4) .
The highest amount of cadmium detected in the sediment sample was 1.93 mg kg −1 at site S 4 and the lowest amount of 0.65 mg kg −1 was recorded at site S 5 . The cadmium concentration obtained from the water reached a higher level of 0.82 mgL −1 at site S 4 against the low level of 0.02 mgL −1 at site S 5 . The order of distribution was decreasing according to the sequence Cr > Pb > Cu > Zn > Cd. In the case of Lemna minor, the highest and lowest concentrations of cadmium were 1.37 mg kg −1 at site S 1 and 0.24 mg kg −1 at site S 5 . Cadmium is considered as one of the most ecotoxic metal that exhibits adverse effects in various physiological processes of humans, animals, plants and their environment. The cadmium content in the sediment varied from 0.65 mg kg −1 at site S 5 during spring season to 1.93 mg kg 
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Spring Summer Autumn in water in spring and autumn were higher than the permissible limit whereas in sediment, concentration was higher than the permissible limit at all sites (Table 4) .
In the present study analysis of cadmium accumulation by hydrophytes indicated that the low and high contents were observed by Lemna minor (0.24 mg kg −1 ) at site S 5 and maximum of 1.37 mg kg −1 at site S 1 . The observed variability in concentrations of Pb and Cd may be due to the anthropogenic activities around the Anchar lake. Trace metals are usually present at low concentrations in aquatic environments but their concentrations may be increased due to anthropogenic inputs like municipal wastes, fertilizer and pesticides application and industrial effluents (Muller et al. 2008; Ntakirutimana et al. 2013 ). The various anthropogenic activities such as vehicular activities, fertilizer and pesticide use, urban farming and domestic waste disposals around these water bodies must have contributed to the pollution status of Pb and Cd in the lake. Runoff into this lake could also increase the metal loads. Renier and Sparling (2001) have also reported that run-offs nearby can increase metal concentrations in the water bodies. High variability in the analytical data of metal concentrations in surface waters has been reported to be indicative of an external source (Krishna et al. 2009 ).
The highest amount of nickel detected in the sediment sample was 10.05 mg kg −1 at site S 4 , and the lowest amount of 2.07 mg kg −1 was recorded at site S 5 . The nickel concentration obtained from the water reached higher level of 2.20 mgL −1 at site S 4 during the autumn season, against the lower concentration of 0.04 mgL −1 at site S 5 during the summer. In case of Lemna minor, the highest and the lowest concentrations of nickel were 6.13 mg kg −1 at site S 4 during summer season and 1.57 mg kg −1 at site S 5 during autumn season. The fact that there was a significant difference in Ni concentrations among different sites suggests the presence of an anthropogenic input of Ni. The increase in heavy metals and metal ions might be due to the fact that this lake receives large quantities of sewage, agricultural run-off and effluents from the agricultural fields, settlement effluents, whereas seasonal variation in metal concentration at different sites may be attributed to the fluctuations in the amount of agricultural run-off and sewage effluents discharged into the lake (Bahnasawy et al. 2011; Khan et al. 2012) . Generally the highest concentrations of heavy metals in water and sediment were observed during autumn season, and this could be due to death and decay of the macrophytes that release their locked up elements in the growing media. Similarly, the lowest concentrations during summer season might be due to absorption or uptake of elements by the macrophytes during their growth period that sequesters more and more elements from the growing media. Shakeel et al (2013) has also reported the presence of all these heavy metals in the water and macrophyte Phragmites australis in Hokersar wetland of J&K, India. In general, the trend of heavy metals in sediment was Cu > Zn > Ni > Cr > Pb > Cd. For plant samples, the trend was Cu > Zn > Pb > Cr > Ni > Cd, and in water, the trend was Ni > Cu > Cr > Pb > Cd > Zn.
Conclusions
The spatial and seasonal variations in metal concentrations in water, sediment and Lemna minor were found due to the regular inputs of contaminants from natural and anthropogenic activities around the lake. Although all sampling sites showed the presence of all heavy metals (Zn, Cu, Ni, Cr, Cd and Pb), the concentration of metals at sites S 1 , S 3 and S 4 was higher than at site S 5 . The trend followed was site S 4 (near SKIMS institute) highly polluted followed by site S 1 (near agricultural fields), site S 3 (near plantation) and lowest at site S 5 (lake centre), which could be attributed to enhanced anthropogenic activities at the sites recording the highest concentrations. Metal concentration at most of the sites followed the order as Lemna minor >sediments>water. The water quality of Anchar lake has deteriorated considerably due to illegal encroachment along the banks of the lake, dumping of the sewage and other municipal wastes from different parts of the Srinagar city into the lake. Direct discharge of the human wastes from the nearby settlements into the lake has further aggravated the nature and extent of the pollution. Human encroachments and siltation combined with the other anthropogenic activities reduced the open water quantity within the lake. The elevated levels of heavy metals at different locations of the lake are of utmost concern due to their environmental threats as this lake is the harbour of many water birds, fish and grasses. Therefore, a strategy to control both the point and non-point sources of pollution around the lake should be developed for better protection of the lake.
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